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PRELIMINARY TANK CHARACTERIZATION REPORT
FOR SINGLE-SHELL TANK 241-AX-104:

BEST-BASIS INVENTORY

This document is a preliminary Tank Characterization Report (TCR). It only contains a
revision to the current best-basis inventory (Appendix D) for single-shell tank 241-AX-104.
The Standard Inventories of Chemicals and Radionuclides in Hanford Site Tank Wastes
(Kupfer et al. 1997) describes standard methodology used to derive the individual tank
best-basis inventories.

A previous version of this TCR was issued for this tank, based on an engineering
assessment of waste type, process flowsheet data, early sample data, and other available
information. However, current core sample analyses are available, and an interpretation of
that data is required for the Hanford Tank Initiative, without requiring the entire TCR in fiscal
year 1998. A finished TCR for this tank is planned to be completed in fiscal year 1999.

REFERENCE

Kupfer, M. J., A. L. Boldt, B. A. Higley, K. M. Hodgson, L. W. Shelton, B. C. Simpson,
and R. A. Watrous (LMHC), S. L. Lambert, and D. E. Place (SESC), R. M. Orme
(NHC), G. L. Borsheim (Borsheim Associates), N. G. Colton (PNNL), M. D. LeClair
(SAIC), R. T. Winward (Meier Associates), and W. W. Schulz (W2S Corporation),
1997, Standard Inventories of Chemicals and Radionuclides in Hanford Site Tank
Wastes, HNF-SD-WM-TI-740, Rev. OA, Lockheed Martin Hanford Corporation,
Richland, Washington.
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APPENDIX D

EVALUATION TO ESTABLISH BEST-BASIS
INVENTORY FOR SINGLE-SHELL

TANK 241-AX-104

D-1



HNF-SD-WM-ER-675
Revision 1

This page intentionally left blank.

D-2



HNF-SD-WM-ER-675
Revision 1

APPENDIX D

EVALUATION TO ESTABLISH BEST-BASIS INVENTORY
FOR SINGLE-SHELL TANK 241-AX-104

An effort is underway to provide waste inventory estimates that will serve as standard
characterization source terms for the various waste management activities (Hodgson and
LeClair 1996) at the Hanford Site. As part of this effort, an evaluation of available
information for single-shell tank 241-AX-104 was performed, and a best-basis inventory was
established. This work, detailed in the following sections, follows the methodology
established by the standard inventory task.

DLO CHEMICAL INFORMATION SOURCES

Tank 241-AX-104 was most recently sampled in November 1997 to determine the
composition of residual waste in this tank. Four different auger samples were taken from
different locations in the tank. The samples were mechanically homogenized, subsampled, and
analyzed for selected anions, cations, and radionuclides. No density measurements were
obtained. These data are reported in Esch (1998), and the samples from riser 9-G will be
considered the primary data source for composition information in tank 241-AX-104. The
samples from riser 3-A do not appear to be tank waste, but rather contaminated debris
resulting from tank corrosion, therefore this data will not be included in the derivation of
inventories for this tank.

Substantial uncertainty exists with regard to the volume of waste still remaining in this
tank. Reich (1997) has the most comprehensive information regarding the remaining waste
volume in 241-AX-104. The current volume range for tank 241-AX-104 is 18.9 to 28.4 kL (5
to 7.5 kgal). The estimated volume used for deriving inventories in this effort was 28.4 kL
(7.5 kgal).

Other sources of information regarding this tank include a previous core sample taken in
September 1977 to determine the composition of the residual sludge remaining after the 1977
sluicing campaign (Starr 1977). Comprehensive chemical and solubility information was taken
from this sample. This data was the basis for the previous best-basis estimates (LMHC 1998),
and will be used when the current data are not sufficient. The density measurement of the
waste at that time, 1.80 g/mL, will be used in calculating inventories.

Samples taken prior to 1977 are of limited value because they reflect the composition of the
waste prior to the slucing campaign, and data from these efforts will not be used in developing
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best-basis estimates for tank 241-AX-104. The Hanford Defined Waste model (Agnew et al.
1997a) provides tank content estimates in terms of component concentrations and inventories,
using process knowledge and assumptions about the physical and chemical behavior of the
wastes in the tanks.

A comprehensive waste history of this tank is provided in Agnew et al. (1997b). Tank
241-AX-104 was primarily used as a plutonium-uranium extraction (PUREX) high-level
process waste receiver from the third quarter of 1966 until the second quarter of 1969,
followed by the receipt and transfer of various supernatants from or to other tanks. The
remaining supernatant was pumped out for cesium recovery during the third quarter of 1976,
while most of the sludge (196.2 kL [52 kgal]) was sluiced for strontium recovery during the
second and third quarters of 1977. A second sluicing campaign was conducted during the first
quarter of 1978 to remove most of the residual sludge from this tank (Rodenhizer 1987). Tank
241-AX-104 was declared an assumed leaker in 1977, with an estimated leakage volume of
30.2 kL (8 kgal). A solids volume reevaluation was made in May 1978 (Everly 1978), with
interim stabilization being completed in December 1982 (Hanlon 1998).

D2.0 COMPARISON OF COMPONENT INVENTORY VALUES

In January 1993 the average sludge depth was estimated to be 6.98 cm (2.75 in.) in this
tank (Swaney 1993). This depth is slightly higher than that derived from the tank farm
surveillance estimate (6.48 cm [2.55 in.]), using 26.5 kL (7 kgal) as a basis (Hanlon 1998).
Based on the Swaney (1993) estimate, tank 241-AX-104 contains about 28.7 kL (7.58 kgal) of
waste (in the 22.9 m [75 ft] diameter, flat bottom tank). Further analysis done by Reich
(1997) provides a volume range of 18.9 to 28.4 kL (5 to 7.5 kgal), because video surveillance
of the tank interior indicates that the waste is irregularly distributed. All of this waste consists
of dried, highly friable, sludge. For purposes of this analysis, the best-basis inventory will be
developed from the high end estimate derived by Reich (1997), 28.4 kL [7.5 kgal] of sludge.

Table D2-1 provides a summary of the washed sludge analyses from the 1977 sludge
sample and tank inventory estimates based on the volume and density of the sludge (26.5 kL [7
kgal] and 1.8 kg/L, respectively), together with the wash solution components. Because this
sample was obtained after the 1977 sluicing campaign, and formed the basis for the initial
inventory estimates, the estimates derived from this sample will be compared against estimates
derived from the information in Esch (1998), and the Hanford Defined Waste model (Agnew
et al. 1997a). (The chemical species are reported without change designation per the best-basis
inventory convention.)
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Table D2-1. Inventory Estimates for Selected Nonradioactive Components in Tank
241-AX-104. (2 Sheets)

1977 sample data tank 1997 sample data tank HDW total tank
Component inventory estimate" inventory estimateb inventory*

(kg) (kg) (kg)

Al 1,770 2,700 0
Ba 76.7 94.4 NR

Bi NR 0 0

Ca 680 619 258

Cd 44.8 83.2 NR

Cl NR- 16.0 - 19.8

Cr 84.0 29.5 8.96

F NR 5.16 0
Fe 7,850 13,800 4,380

La NR 75.1 0

K NR 6.80 4.75

Mg 111 78.3 NR

Mn 123 240 0
Na 2,030 2,200 2,450

Ni 406 745 90.4

NO, 102 115 715

NO3  2,020 2,340 1.01E-13

OHTToA 11,300 19,600 4,120

Pb NR 474 0

P0 4  276 < 27.5 0

Si 1,850 44.4 1,130

S04 343 242 328

Sr NR 48.7 0

UTOTA_ _ 0.11 168 7.99

Zr NR 202 0

TOC NR 114 0

HO (wt%) 41 9.5 61.5
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Table D2-1. Inventory Estimates for Selected Nonradioactive Components in Tank
241-AX-104. (2 Sheets)

1977 sample data tank 1997 sample data tank HDW total tank
Component inventory estimatea inventory estimate inventory

(kg) (kg) (kg)

NR = Not reported

aLMHC (1998). Data from Starr (1977), except for Na; Tank inventory based on 26.6
kL (7.03 kgal) of sludge with an average density of 1.80 kg/L

bData from Esch (1998); Tank inventory based on 28.4 kL (7.5 kgal) of sludge with an
average density of 1.80 kg/L

'Agnew et al. (1997a); Tank inventory based on 26.5 kL (7.0 kgal) of sludge with an
average density of 1.34 kg/L

Table D2-2 provides a comparison of the mean sludge radionuclide tank inventory
estimates based on the 1977 grab sample, 1997 auger sample, and the Hanford Defined Waste
model. Radionuclide results in Table D2-2 have been decayed to January 1, 1994.
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Table D2-2. Inventory Estimates for Radioactive Components
(Decayed to January 1. 1994).

in Tank 241-AX-104

1977 sample data tank 1997 sample data tank Hanford Defined Waste
Component inventory estimate' inventory estimate b Total tank inventory*

(Ci) (Ci) (Ci)

"Co 347 < 953 0.868
79Se NR 0.05 2.95

'Sr 1.57E+06 2.95E+06 4.28E+05

9Y 1.57E+06 2.95E+06 4.29E+05

"Tc NR 95.3 4.47

15Sb 281 NR - 3.90

"7Cs 32,400 61,600 16,500
137 Ba 30,700 58,300 15,600
15Eu 1,860 NR 194

issEu 1,780 NR 250

239n40pu 349 340 77.0

__ m NR 965 102

NR = Not reported
"LMHC (1998). Data from Starr (1977); Tank inventory based on 26.6 kL (7.03 kgal)

of sludge with an average density of 1.80 kg/L.
'Data from Esch (1998); Tank inventory based on 28.4 kL (7.5 kgal) of sludge with an

average density of 1.80 kg/L.
*Agnew et al. (1997a); Tank inventory based on 26.5 kL (7.0 kgal) of sludge with an

average density of 1.34 kg/L.

D3.0 COMPONENT INVENTORY EVALUATION

Sample-based estimates developed from analytical data and HDW model estimates from
Los Alamos National Laboratory (LANL) (Agnew et al. 1997a) are both potentially useful for
estimating component inventories in the tank. The HDW model is mainly based on process
production records and waste transaction records for each tank. Primary wastes are process
wastes initially added to tank 241-AX-104 from the processing plant, while secondary wastes
are transferred into the tank from another tank. A review of these records shows that tank
241-AX-104 received the following wastes (Agnew et al. 1997b):
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* 7,521 kL (1,987 kgal) of primary PUREX high-level (P2) waste, most of which
was later sluiced to B Plant for strontium recovery during the 1977 sluicing
campaign

* 897 kL (237 kgal) of PUREX organic wash (OWW3) waste, all of which was later
sluiced to B Plant for strontium recovery during the 1977 sluicing campaign
because the OWW3 sludge layer was added to the top of the P2 layer

* 185 kL (49 kgal) of high-level B Plant (B) waste added in 1968 and 1969, all of
which was later sluiced to B Plant for strontium recovery during the 1977 sluicing
campaign

0 485 kL (128 kgal) of PUREX low-level (PL) waste, all of which was later sluiced
to B Plant for strontium recovery during the 1977 sluicing campaign

a 34 kL (9 kgal) of B Plant AR vault sludge added in early 1976, all of which was
later sluiced to B Plant for strontium recovery during the 1977 sluicing campaign

* Various supernatant transfers from tanks 241-A-102, 241-A-104, and 241-AX-103
from 1973 to 1976.

The HDW model (Agnew et al. 1997a) assumes that 26.5 kL (7 kgal) of PUREX
high-level (P2) sludge were left in this tank after the 1977 and 1978 sluicing campaigns. The
sludge inventory estimates derived from this model are consistent with the tank farm
surveillance data for this tank (26.5 kL [7 kgal] of sludge) (Hanlon 1996).

D3.1 WASTE TYPES

Five different types of wastes were added to tank 241-AX-104. The most important
from a volume perspective are primarily PUREX high-level (P2) waste, PUREX organic wash
(OWW3) waste, and PUREX low-level (PL) waste. However, only one of these wastes, P2
waste, remains in the tank in any substantial quantity because of the sluicing campaigns that
were undertaken in 1977 and 1978.

PUREX High-Level (P2) Waste

Approximately 7,521 kL (1,987 kgal) of primary PUREX high-level (P2) waste were
added to this tank from 1966 to 1968. According to the HDW model, 3.9 vol% of this waste
would have precipitated as sludge in the primary receiver tank (Agnew et al. 1997a). Based
on this estimate, approximately 293 kL (77.5 kgal) of PUREX (P2) sludge would have
precipitated in this tank from 1966 to 1968. This model also assumes that 0.6 vol% of the
PUREX organic wash (OWW3) waste precipitated (in 1968), 2.2 vol% of the PUREX
low-level (PL) waste (in 1968 and 1969), 0.5 vol% of the B Plant (B) waste (also in 1968 and
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1969) and 3.3 vol% of the B Plant AR (AR) vault waste (in 1974). Altogether, some 311 kL
(82.2 kgal) of sludge would have precipitated in this tank before the 1977 sluicing campaign,
with 94 percent of this inventory consisting of PUREX high-level (P2) waste.

Anderson (1990), however, indicates that only 208 kL (55 kgal) of sludge existed in this
tank before the 1977 sluicing campaign. About 196.8 kL (52 kgal) of waste were removed
from this tank during the first sluicing campaign (second and third quarters of 1977)
(Rodenhizer 1987). If the Agnew estimates are correct, another 88 kL (23 kgal) of sludge
were apparently removed during the second sluicing campaign (first quarter of 1978), leaving
26.5 kL (7 kgal) of residual PUREX high-level (P2) waste currently in this tank.

The aqueous waste stream from the first decontamination and partitioning cycle in
PUREX (HAW) is the only waste stream not recycled in the PUREX plant. This stream was
the source of high-level waste from this process. The HAW stream was directed to the
inorganic wash waste (1WW) concentrator where most of the nitric acid was recovered. The
product stream from the lWW concentrator was the main source of PUREX denitrated acid
waste (PAW), PUREX neutralized acid waste (PNW) and in the underground storage tanks,
PUREX high-level (P2) waste.

While impurity concentrations may have varied from batch to batch, the composition of
the lWW stream can be estimated from samples taken during 1958 (Van Tuyl 1958 and Allen
1976). The 1WW sample data were normalized to the amount of Fe in tank 241-AX-104
(using the 1977 data), and used to evaluate other components in this waste, because iron was
present in relatively high concentration, and thus easily detected. In addition, iron is not
considered to be substantially confounded with other analytes that would be introduced in
subsequent waste management operations. These data also represent the average composition
of this stream before sugar denitration. Sugar denitration was initially introduced into PUREX
in late 1962. The 1WW composition estimates are summarized in Table D3-3, together with
1977 1WW component inventory estimates normalized to the amount of Fe in this waste, and
these results compared to the more recent analyses.
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Table D3-1. Comparison of 1WW Estimates to Sample-Based Estimates for
Tank 241-AX-104 Waste.

Analyte lWW composition 1WW-based inventoryb Sample-based(M)yt (kg) inventory'

1977 1998

Al 0.1 1,887 1,770 2,700

Ca NR NR 680 619

Cr 0.01 364 84 29.5

Fe 0.2 7,850 7,850 13,800

Mn NR NR 123 240

Ni 0.01 411 406 745

NO 7. 303,600d 2,020 2,340

P0 4  0.01 664 276 <27.5

Si NR NR 1,850 44.4

Na 0.8 d 12,86 ld 2910 30 .2200
U 0.01 1,663 0.11 168

NR = Not reported
1WW = Inorganic wash waste
* Estimated composition of the lWW waste before denitration (Van Tuyl 1958

and Allen 1976)
b Based on estimated composition of 1WW waste normalized to the amount of

Fe in tank 241-AX-104 waste, using Starr (1977) as a basis
* Based on the estimated inventories in tank 241-AX-104 waste from

Table D3-1
d In the denitrated 1WW stream, NO3 would have been reduced to about 1.OM

and Na to a lower value than might be indicated from neutralized PUREX wastes
produced before the use of sugar denitration.

Sample-based estimates for Na, NO3, and Ca are in good agreement with 1WW derived
estimates for these components. The 1977 results were normalized to the amount of Fe
observed in this waste. For other components, such as Al, Cr, P0 4, Si, and U, the level of
agreement is generally poor because these components are possibly spatially heterogeneous,
and thus, not well represented in the precipitated sludge layer that was sampled in tank
241-AX-104. There is no discernable trend between the sample inventory and the 1WW
inventory for these components. However, with few exceptions, the 1977 and 1998 data agree
reasonably well, given the constraints and uncertainties associated with each estimate.
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D3.2 SUMMARY

The sample-based inventories developed for tank 241-AX-104 appear to be consistent
and in good agreement with the general estimates developed for 1WW waste. Estimates
developed from flowsheets, process samples (of 1WW waste) and comparable sludge samples
from other tanks generally support the credibility of the sample-based estimates for tank
241-AX-104. In contrast, HDW derived estimates for this waste (in Table D3-1) appear to be
low relative to sample estimates for Al, Cr, Mn, NO3 and Ni; and high for NO2 and water.
The 1997 auger sample data, therefore, was used to generate inventory estimates for most of
the chemical components in this waste. The data from the 1977 grab sample was used to
supplement the more recent data, where analytes were not measured. Where neither sample
provided an estimate, Agnew et al. (1997a) was used.

D4.0 DEFINE THE BEST-BASIS AND ESTABLISH COMPONENT INVENTORIES

Chemical and radionuclide inventory estimates are generally derived from one of three
sources of information: (1) sample analysis and sample derived inventory estimates,
(2) component inventories predicted by the HDW model based on process knowledge and
historical tank transfer information, or (3) a tank-specific process estimate based on process
flowsheets, reactor fuel data, essential materials records, or comparable sludge layers and
sample information from other tanks.

An effort is currently underway to provide waste inventory estimates that will serve as
the standard characterization data for various waste management activities. As part of this
effort, a survey and analysis of various sources of information relating to the chemical and
radionuclide component inventories in tank 241-AX-104 was performed, including the
following:

1. Data from an auger sample obtained in 1997 (Esch 1998).

2. Data from a grab sample obtained in 1977 after the last sluicing campaign

(Starr 1977).

3. Component inventory estimates provided by the HDW model
(Agnew et al. 1997a).

4. Evaluation of PUREX sludge layer based on process samples (of 1WW waste),
normalized to the amount of Fe in tank 241-AX-104 (Van Tuyl 1958; Allen 1976).

5. Evaluation of the estimated thermal loads provided by the sample-based inventories
of "Sr and '3Cs relative to a simplified heat balance for this tank. The volume
range from Reich (1997) was used in quantifying the waste inventory.
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Based on this analysis, a best-basis inventory was developed. The 1997 auger sample
was used to generate estimates for most of the chemical and radionuclide components in this
waste. This waste mostly consists of PUREX high-level waste from Al-clad fuel. The
best-basis inventory for tank 241-AX-104 is presented in Tables D4-1 and D4-2. The
inventory values reported in Tables D4-1 and D4-2 are subject to change. Refer to the Tank
Characterization Database (TCD) for the most current inventory values.

Once the best-basis inventories were determined, the hydroxide inventory was calculated
by performing a charge balance with the valences of other analytes. This charge balance
approach is consistent with that used by Agnew et al. (1997a).

Best-basis tank inventory values are derived for 46 key radionuclides (as defined in
Section 3.1 of Kupfer et al. 1997), all decayed to a common report date of January 1, 1994.
Often, waste sample analyses have only reported 9 Sr, " 7 Cs, 2 39 24VPu, andtotal uranium (or
total beta and total alpha), while other key radionuclides such as WCo, "Tc, '291, " 4Eu, i'Eu,
and 241Am, etc., have been infrequently reported. For this reason it has been necessary to
derive most of the 46 key radionuclides by computer models. These models estimate
radionuclide activity in batches of reactor fuel, account for the split of radionuclides to various
separations plant waste streams, and track their movement with tank waste transactions.
(These computer models are described in Kupfer et al. 1997, Section 6.1 and in Watrous and
Wootan 1997.) Model generated values for radionuclides in any of 177 tanks are reported in
the HDW Rev. 4 model results (Agnew et al. 1997a). The best-basis value for any one
analyte may be either a model result or a sample or engineering assessment-based result if
available. For a discussion of typical error between model derived values and sample derived
values, see Kupfer et al. 1997, Section 6.1.10.
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Table D4-1. Best-Basis Inventory Estimates for Nonradioactive Components in Tank
241-AX-104 (Effective May 30, 1998). (2 Sheets)

Analyte Total inventory Basis Comment
(kg) -(S, M, E or C)

Al 2,700 S Starr (1977)=1,770

Bi 0 E No process history of Bi

Ca 619 S Starr (1977)=680

Cl 16.0 S

TIC as CO. 557 M/E

Cr 29.5 S Starr (1977) =84

F 5.16 S

Fe 13,800 S Starr (1977)=7,850

Hg 0 E Simpson (1998)

K 6.80 S

La 75.1 S

Mn 240 S Starr (1977)=123

Na 2,200 S Starr (1977)=2,030

Ni 745 S Starr (1977)=406

NO 115 S Starr (1977)=102

NO 2,340 S Starr (1977)=2,020

OHTOTA. 19,600 C Based on charge balance

Pb 474 S

P0 4  276 S Starr (1977)

Si 44.4 S Starr (1977)=1,850

S04 242 S Based on ICP. Starr (1977)=343

Sr 48.7 S

TOC 114 S/E Upper bounding estimate

U-TAT 168 S Starr (1977)=0.11
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Table D4-1. Best-Basis Inventory Estimates for Nonradioactive Components in Tank
241-AX-104 (Effective May 30, 1998). (2 Sheets)

Analyte Total inventory Basis Comment
(kg) (S, M, E or C)1

Zr 202 S

'S = Sample-based
M = Hanford Defined Waste model-based, Agnew et al. (1997a)
E = Engineering assessment-based
C = Calculated by charge balance; includes oxides as hydroxides, not including C0 3,

NO2, NO3, P0 4, SO4 , and SiO3 .
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Table D4-2. Best-Basis Inventory
Tank 241-AX-104 Decayed to January

Estimates for Radioactive Components in
1 1994 (Effec ive May 30. 1998). (2 Sheets)

Analyte Total inventory Basis Comment
(Ci) (S, M, or E)'

3H 3.38 M

"4c 0.63 M
59Ni 3.12 M

'Co 347 S Starr (1977)

6Ni 313 M
7 9Se 5.00E-02 S

9OSr 2.95 E+06 S -

90Y 2.95 E+06 S
93Nb 10.2 M

"Zr 13.6 M

"Tc 95.3 S

'0Ru 0.0101 M
113mCd 58.2 M
12Sb 281 S Starr (1977)

Sn 4.61 M
1291 0.00864 M

1MCs 0.207 M

1Cs 61,600 S
137Ba 58,300 S Referenced to 17Cs

151sm 11,000 M

1 2Eu 3.36 M
154 Eu 1,860 S Starr (1977)

155EU 1,780 S Starr (1977)

"6Ra 1.96 E-04 M

2Ac 1.06E-03 M
2 8Ra 1.77 E-09 M
29Th 2.77 E-07 M

2'Pa 0.00238 M

32Th 1.60 E-10 M
232u 4.67E-06 S/M HDW isotopic normalization
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Table D4-2. Best-Basis Inventory Estimates for Radioactive Components in
Tank 241-AX-104, Decayed to January 1, 1994 (ffec ive May 30, 1998). (2 Sheets)

Analyte Total inventory Basis 1  Comment
(Ci) (S, M, or E),

233u 1.10E-07 S/M HDW isotopic normalization

2_U 5.76E-02 S/M HDW isotopic normalization
23U 2.40E-03 S/M HDW isotopic normalization

2MU 1.57E-03 S/M HDW isotopic normalization

27Np 0.00954 M
28PU 11.0 S/M Based on ratio to '9Pu

238u 5.61E-02 S/M HDW isotopic normalization
"3Pu 286 S/M Based on '9/'Pu hybrid

24Pu 54.5 S/M Based on 2 9'OPu hybrid
TMAm 965 S
24Pu 785 S/M Based on ratio to 2 9 N

2 2Cm 8.81E-01 S/M Based on ratio to 2'Am
2pU 4.54E-03 S/M Based on ratio to 2 9 Pu

2Am 2.96E-02 S/M Based on ratio to "Am

24Cm 6.77E-02 S/M Based on ratio to 2'Am
2"Cm 2.08 S/M Based on ratio to 21 Am

IS = Sample-based
M = Hanford Defined Waste model-based, Agnew et al. (1997a)
E = Engineering assessment-based.
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